The physical mechanism responsible for the dissipation of the solar wind turbulence and the resulting plasma heating is not completely understood. To be a viable means of dissipation, any mechanism has to reproduce several observational features of the turbulence spectra. One important characteristic of the spectrum is its high-frequency break, where the spectral slope becomes considerably steeper than the Kolmogorov-like scaling law observed in the inertial range. The onset of the spectral steepening can be inferred from the observations fairly accurately, and it is a good benchmark to test various theories of the turbulence dissipation. In this paper, a large database of magnetic field spectra and plasma parameters at 1 AU measured by the ACE spacecraft is used to determine the spectral break. The statistical correlation of the data points calculated according to existing theoretical formulae for the break is analyzed, and the least-squares fits to the data are compared with the theoretically predicted scalings. It is concluded that the position of the spectral break is not determined just by a scale of the turbulent fluctuations, but by a combination of their scale and the amplitude at that scale. This suggests that the dissipation of the solar wind turbulence is an essentially nonlinear process.
INTRODUCTION
A detailed knowledge of the dissipation of plasma turbulence is essential for understanding the origin and nature of the solar wind. The energy of very large-scale fluctuations generated by the Sun is transported down to small scales, into the kinetic range, by a turbulent cascade (e.g., Coleman 1968; Jokipii 1973; Matthaeus & Goldstein 1982; Tu et al. 1984; Matthaeus et al. 1994; Goldstein et al. 1995; Tu & Marsch 1995; Zank et al. 1996) . At kinetic scales, the turbulent fluctuations can be dissipated and heat the solar wind (e.g., Coleman 1968; Barnes 1979; Hollweg 1986; Freeman 1988; Hollweg & Johnson 1988; Isenberg 1990; Marsch 1991; Richardson et al. 1995; Verma et al. 1995; Li et al. 1999; Isenberg et al. 2000 Isenberg et al. , 2001 Isenberg 2001; Cranmer 2002; Dmitruk et al. 2002; Hollweg & Isenberg 2002; Vasquez et al. 2007b) . However, what physical mechanism is responsible for the turbulence dissipation and plasma heating is still unclear.
Below the energy-containing scales, in the inertial (intermediate) range, the solar wind turbulence behaves in a way similar to the hydrodynamic turbulence. In particular, the turbulent fluctuations are presumably cascaded by some energy-conserving processes, although it should be mentioned that the strong magnetic field in the solar wind introduces anisotropy and yields an energy cascade preferentially across the field (e.g., Shebalin et al. 1983; Matthaeus et al. 1996; Cho & Vishniac 2000; Müller & Grappin 2005) . As the scales of the fluctuations reach the proton kinetic range, the observed properties of the solar wind turbulence start to change (e.g., Behannon 1975; Denskat et al. 1983; Smith et al. 1990; Goldstein et al. 1994; Leamon et al. 1998a Leamon et al. , 1998b Leamon et al. , 1999 Leamon et al. , 2000 Bale et al. 2005; Kellogg et al. 2006; Hamilton et al. 2007) . This is to be expected, because the fluid description of the solar wind plasma breaks down at these scales. In addition, if the turbulent cascade is indeed the source of the solar wind heating, a noticeable portion of the fluctuation energy should dissipate into the proton thermal energy. The measurements of the proton temperature anisotropy in the solar wind indeed show significant heating: according to Helios data between 0.3 and 1 AU, the proton magnetic moment increases on average by 100% (Marsch et al. 1983 ). In addition, the isotropic proton temperature would vary as r À4 = 3 ; where r is the heliocentric distance, as a result of an adiabatic expansion. In fact, the temperature varies as r À0:8 to r À1:0 for both fast and slow wind. (e.g., Arya & Freeman 1991; Freeman et al. 1992; Totten et al. 1995) . Therefore, the solar wind turbulence should start to dissipate at proton kinetic scales. In view of the collisionless nature of the solar wind plasma, the dissipation mechanism is likely to operate differently from its fluid counterpart. For instance, Smith et al. (2006a) found that the observed form of the dissipation range spectrum is not universal, but is strongly dependent on the energy cascade rate, in contradiction to the principles of hydrodynamic turbulence. Several different theoretical mechanisms have been suggested in the literature (e.g., Leamon et al. 1999; Li & Habbal 2001; Markovskii 2001; Markovskii & Hollweg 2002; Cranmer & van Ballegooijen 2003; Matthaeus et al. 2003; Dmitruk et al. 2004; Voitenko & Goossens, 2004; Markovskii et al. 2006; Howes et al. 2007 ). However, to be a viable means of dissipation, any mechanism has to reproduce several observational features of the solar wind plasma and turbulence spectra. Among these features are the shape of the spectra (Behannon 1975; Denskat et al. 1983; Smith et al. 1990; Goldstein et al. 1994; Leamon et al. 1998b Leamon et al. , 1999 Bale et al. 2005; Kellogg et al. 2006; Smith et al. 2006a ) and the magnetic helicity (e.g., Goldstein et al. 1994; Leamon et al. 1998a) in the dissipation range, the preferential dissipation of the turbulent fluctuations propagating at highly oblique angles to the mean magnetic field (e.g., Leamon et al. 1998b; Hamilton et al. 2007) , and the heating of the solar wind ions, presumably caused by the turbulence, perpendicular to the magnetic field (Marsch et al. 1983) .
In this paper, we focus on one specific characteristic of the turbulence spectrum, the point at which it starts to deviate from fluidlike behavior. At this point, the spectrum has a break where the spectral slope becomes considerably steeper than the Kolmogorov law observed on average in the inertial range. The position of the break can be inferred from the observations fairly accurately, and it is a good benchmark to test the predictions of various theories of the turbulence dissipation. Using Wind interplanetary magnetic field measurements, Leamon et al. (1999) examined the properties of 33 turbulence spectra during quiet solar wind intervals and 50 more intervals containing a solar ejection and an embedded magnetic cloud. The break wavenumber of the spectrum was initially linked to the inverse proton Larmor radius. It was established later that the break wavenumber is better correlated with the inverse proton inertial length (Leamon et al. 2000) . This result was confirmed by Smith et al. (2001) , who examined the solar wind during a period when the density fell to unusually small values and the Larmor and inertial scales became widely separated.
Here we analyze a much larger database of magnetic field spectra and plasma parameters at 1 AU measured by the ACE spacecraft. The data are used to check whether the observed break is statistically correlated with theoretical ones. The models of the spectral steepening disagree on the exact position of the break. In particular, the proton Larmor radius is associated with linear damping of kinetic Alfvén waves propagating at highly oblique angles to the background magnetic field (e.g., Leamon et al. 1999; Howes et al. 2007) . At the same time, cross-field current sheets that presumably develop at the high-wavenumber end of the inertial range (Leamon et al. 2000; Dmitruk et al. 2004; Dmitruk & Matthaeus 2006 ) may have dissipation scales of the order of either the proton Larmor radius or the proton inertial length. The fluctuations propagating along the field are dissipated via the cyclotron resonance, which introduces its own break scale (Gary & Borovsky 2004) . Markovskii et al. (2006) recently noted that the spectral break is characterized by two parameters: the break frequency (or wavenumber) and the power spectral density at this frequency. We argue that the position of the break cannot be determined by either of these parameters alone, but only by their combination. In addition, there is an alternative line of research suggesting that the Hall effect with a characteristic scale around the proton inertial length can lead to the spectral steepening even if no dissipation is present at the break (e.g., Ghosh et al. 1996; Stawicki et al. 2001; Krishan & Mahajan 2004; Galtier 2006; Galtier & Buchlin 2007) . The dissipation is then delayed to smaller scales. All of these theories are considered in more detail below and compared with the observations. Based on our results, we determine which mechanisms are more likely to be responsible for the turbulence dissipation in the solar wind.
DATA DESCRIPTION AND ANALYSIS METHOD
We work with magnetic field and proton thermal data recorded by the ACE spacecraft (Smith et al. 1998; McComas et al. 1998 ) from 1998 to 2002, consisting of 960 data samples, typically 1 to several hours in length and chosen to span the possible range of plasma conditions in the solar wind at 1 AU (Smith et al. 2006a (Smith et al. , 2006b Hamilton et al. 2007 ). Only intervals outside of magnetic clouds, with available plasma data, and with a clearly identifiable spectral break, are employed here, which leaves 454 spectra. Magnetic clouds have properties distinct from open field line solar wind intervals; the former can experience greater expansion and strong velocity shearing. The effects of these processes on the turbulent cascade are not yet well explained. Therefore, we exclude the clouds to minimize the possibility of several different phenomena contributing to the statistical results and making their interpretation ambiguous.
Magnetic spectra are produced from intervals chosen to be time stationary (by eye). The data are rotated into the same mean field coordinates used by Belcher & Davis (1971) and Bieber et al. (1996) . The rotated data are prewhitened via a first-order difference scheme. The spectra are computed by the Blackman-Tukey method by means of the autocorrelation function. A postdarkening algorithm corrects the spectra for prewhitening (Chen 1989) . This is the same analysis method used by Leamon et al. (1998a Leamon et al. ( , 1998b , Smith et al. (2001 Smith et al. ( , 2004 Smith et al. ( , 2006a Smith et al. ( , 2006b , and Hamilton et al. (2007) . The spectra obtained in the mean field coordinates are then fit over two frequency intervals. These intervals are adjusted depending on the movement of the spectral break between the inertial and dissipation ranges, the quality of the spectra at the lowest frequencies, and the possible spectral flattening at the highest frequencies seen in the lowest amplitude spectra. On average, the range 0.008-0.1 Hz is taken to characterize the inertial range, and 0.3-0.8 Hz characterizes the dissipation range. The two frequency intervals are fit to separate power-law forms, and the power-law indexes are recorded for each component and the trace, along with their computed uncertainties. The high-frequency tail of the power spectrum shows flattening, which is evidence of a noise spectrum. This frequency interval is excluded from the fitting procedure.
From the power-law fits of the total (trace) power spectral density, we determine the break frequency b for each spectrum and the power density P b at the break. The quantity b is shown in Figure 1 as a function of the frequency p ¼ eB 0 /2m p c, based on the mean magnetic field B 0 of the corresponding solar wind interval. Figure 2 displays P b versus b . As can be seen from the figures, statistically, some of the points are outliers in the sense that they are unreasonably far away from the rest of the data. To avoid unphysical interpretations, we omit them from the further analysis. The definition of an outlier is somewhat arbitrary. We remove the points corresponding to the seven largest and the three smallest values of b , which still leaves 444 data points falling into the interval 0:02 Hz < b < 4 Hz: This interval appears to be reasonable: the frequency p in our set ranges from approximately 0.02 to 0.4 Hz, and it is unlikely that b < p , because the kinetic effects only start to show up at $ p . It is also unlikely that b 3 p , because the proton kinetics has a significant effect on the turbulence spectrum.
The ACE magnetometer has sufficient resolution to detect the break frequency and the power at the break. Its bandwidth is 0-12 Hz, and noise level <0.006 nT (Smith et al. 1998) . Even though the extent of the observed dissipation range is too small to distinguish exactly between the power law and another functional form of the spectrum, such as exponential, the break frequency can be determined with sufficient accuracy. The relative uncertainty of the break frequency Á b / b is plotted in Figure 3 as a function of b . As can be seen from the figure, the relative uncertainty for most of the data points is several percent, and only 18 points have uncertainty >30%.
The goal of this paper is to check whether the predictions of various theoretical models are consistent with the observed spectral break. However, the theories do not deal with the frequency in the spacecraft frame directly, but rather with a combination Y of certain parameters, including and perhaps the spectral density P. As the cascade proceeds to smaller scales, the quantity Y reaches a certain critical value X, and that point determines the position of the break. In the next section, we will calculate Y and X according to existing theoretical formulae with the help our of database. We will then perform an unconstrained power-law leastsquares fit,
to the data points Y i and X i , where a and b are the fitting parameters, and Áa and Áb are the uncertainties of a and b. All the fitting parameters are defined by standard expressions and can be found in, e.g., Bevington (1969) . Formula (1) does not include the measurement errors of Y i and X i , since the natural variability of the data points analyzed in the next section turns out to be much greater, probably because the spectral break is affected by more than one competing process. Therefore, we do not expect that the data points will be within the measurement errors from the fit. To quantify the quality of the fit, we will use a correlation coefficient R defined as
where N is the total number of points.
RESULTS
To compare the observations and theories, we transform the spacecraft-frame frequency into a wavevector projected on the solar wind velocity according to the formula
where V sw is the solar wind speed. The solar wind turbulence is often viewed as a combination of the fluctuations propagating parallel to the mean magnetic field, the slab component, and the quasi-two-dimensional component, which is highly oblique (e.g., Matthaeus et al. 1990; Bieber et al. 1996) . In theory, these components are affected by kinetic effects and dissipated differently. Consequently, our analysis ideally should involve the projections of the wavevectors on the magnetic field rather than the solar wind velocity. However, the slab and quasi-two-dimensional modes may be coupled in the inertial range of the solar wind ( Milano et al. 2004 ). In addition, the spectral density of the turbulence in the inertial range is probably more isotropic in the wavenumber space than was previously thought ( Hamilton et al. 2007; Osman & Horbury 2007) . In this case, it would be impossible to assign to the turbulent fluctuations a unique angle between k and the background magnetic field B 0 . Therefore, we first examine the data without taking into account the angle between B 0 and V sw , and simply consider k a characteristic wavenumber. After that, we discuss to what extent our conclusions can be changed by the effect of . The anticipated energy cascade in the solar wind proceeds mainly across the mean magnetic field. However, even if the turbulence were isotropic, the observational data still suggest preferential dissipation of fluctuations propagating at highly oblique angles to the magnetic field (e.g., Leamon et al. 1998b; Hamilton et al. 2007 ). The simplest theoretical way to describe these fluctuations is to represent them as kinetic Alfvén waves and assume that the waves damp linearly. Then, the dissipation scale that determines the spectral break will be of the order of the proton Larmor radius (e.g., Leamon et al. 1999; Howes et al. 2007 ). In Figure 4 , we plot the break wavenumber
is the proton thermal speed, and p ¼ eB 0 /m p c is the proton gyrofrequency. The theoretical curve and the fit, along with the uncertainty range given by equation (1), are overlaid on the data points. The numerical parameters given by equations (1) and (4) and the correlation coefficient R are presented in Table 1 . As we can see, the agreement between the theory and observations is poor, and the correlation coefficient is also low. This result is consistent with another well-established observational argument that the damping of the kinetic Alfvén waves fails to explain the significant heating of the solar wind ions across the magnetic field. Note, however, that this only applies to the linear damping. Nonlinear kinetic Alfvén waves are able to provide the perpendicular ion heating (e.g., Voitenko & Goossens 2004; Markovskii et al. 2006; Wu & Yang 2006) . The consequences of this fact are discussed below.
The next theory that we consider is the dissipation of the quasitwo-dimensional turbulence through the development of crossfield current sheets at the high-k end of the spectrum (Leamon et al. 2000) . These sheets can provide the needed perpendicular ion heating (Dmitruk et al. 2004; Dmitruk & Matthaeus 2006) . The theory of dissipation by the current sheets is still being developed, so there is no specific prediction for the spectral break. One possibility is that the break scale is associated with the thickness of the sheet. However, even the nature of these sheets is not completely clear. The turbulence can produce reconnecting current sheets. The thickness of reconnecting current sheets in a collisionless plasma scales as the proton inertial length p /V A ; where V A is the Alfvén speed (e.g., Biskamp et al. 1997; Shay et al. 1998) . Structures of this type were recently observed in the magnetosphere downstream of the bow shock (Sundkvist et al. 2007 ), although it should be mentioned that the plasma in this region is much greater than in the solar wind at 1 AU, and V A is not as small compared to the flow velocity. The latter fact complicates the determination of k:
Turbulent current sheets may also mimic pressure-balanced tangential discontinuities. In the case of tangential discontinuities, hybrid numerical simulations (e.g., Cargill & Eastman 1991) find a thicknesses of a few proton inertial lengths, while Vlasov equilibria solutions (e.g., De Keyser & Roth 1997 , 1998 ) typically scale the thickness as the proton Larmor radius. Therefore, a unique scaling for these current sheets is not known. Recently, Vasquez et al. (2007a) examined the thickness of a large number of solar wind discontinuities over a wide range of the proton . When is far from unity, the proton inertial length and gyroradius are well separated, and the scaling of the thickness with either parameter can be determined. Vasquez et al. (2007a) find that the thickness averages 4 proton inertial lengths when < 0:1, and about 4 proton gyroradii when > 4. They have also concluded that most solar wind discontinuities are best explained as originating from Alfvénic turbulence, so their results may be directly related to the expected scaling of the break in the turbulence spectra. In Figure 5 , we plot the break wavenumber Y ¼ ! b /V sw as a function of X ¼ p /V A : The corresponding fitting parameters are listed in Table 1 . Since the theoretical scaling is not known in this case, we set c ¼ 1: For reference, we can compute a constrained linear fit Y ¼ a Ã X to these data. Then the numerical coefficient a Ã turns out to be 0.43. We emphasize, however, that a constrained fit is not the best way to compare the theories and observations, because it does not represent the data trend as accurately as an unconstrained one given by, e.g., equation (1). From Figures 4 and 5, one sees that the latter shows better agreement of the theory and observations and higher correlation.
The proton inertial length is a characteristic scale of another process that can break the spectrum of the turbulence without dissipating it. Below this scale, the Hall effect modifies the nonlinear wave couplings, which transfer the energy of the fluctuations down the cascade. As a result, the spectrum steepens with respect to the Kolmogorov law applicable at larger scales (e.g., Ghosh et al. 1996; Stawicki et al. 2001; Krishan & Mahajan 2004) . However, the position of the spectral break is again uncertain. Numerical simulations of Galtier & Buchlin (2007) show that for isotropic turbulence, the break is located at wavenumbers much greater than the inverse proton inertial length. At the same time, quasi-perpendicular anisotropy can shift the break to smaller wavenumbers (Galtier 2006) .
A model of dissipation of the quasi-two-dimensional turbulence that predicts the position of the break and explains the perpendicular ion heating was developed by Markovskii et al. (2006) . As the turbulent cascade proceeds to higher perpendicular wavenumbers, it generates increasingly high cross-field inhomogeneities associated with the turbulent fluctuations. We suggested that, at the high-wavenumber end of the spectrum, these inhomogeneities start exciting proton cyclotron waves through a plasma instability. Once the frequency of the waves is upshifted, they become cyclotron resonant with the ions. They can then scatter the ions and heat them across the magnetic field. Therefore, the unstable waves extract the energy from the turbulent fluctuations and convert it into the thermal energy of the particles. In other words, the instability operates as a channel of dissipation of the turbulent fluctuations.
We assume that the turbulent fluctuations can be described as kinetic Alfvén waves, but the cross-field current sheets can also, in principle, provide the necessary inhomogeneities. The most efficient proton cyclotron instability in this setup is driven by the velocity shear kV, where V is the wave amplitude. If the fluctuations are Alfvénic in nature, then V $ V A B/B 0 . The quantity B corresponding to a given spacecraft-frame frequency can be further estimated as P() ½ 1 = 2 . In Figure 6 , we plot the shear Y ¼ B b ! b /V sw as a function of the normalization factor X ¼ B 0 p /V A . The theory predicts that the spectrum should steepen at kV / p around several hundredths, so we set c ¼ 0:03 in equation (4). The other parameters are given in Table 1 . Figure 6 shows about the same agreement of the model and observations as Figure 5 , but the fit of the data points is considerably tighter; this is the only case where the correlation coefficient R ¼ 0:61 is well above 0.5. We note that all the correlation coefficients in our study are not particularly high. However, the interpretation of correlation depends on the situation. If we were testing a single well-defined physical process, then R % 0:6 would be a relatively low correlation. At the same time, if several different processes are contributing to the data, values above 0.5 would usually mean that a correlation is present. In fact, the relatively low correlation may indicate that models based on a single dissipation mechanism are unlikely to work for the solar wind turbulence.
We have also examined the dependence of the break wavenumber ! b /V sw on the quantity B 0 p /B b V A . The correlation again turned out to be almost the same, R ¼ 0:59. However, we emphasize that this is not a physically correct way of representing the data in this case. A distinctive feature of our model is that the position of the spectral break is not determined just by a scale of the turbulent fluctuations, but by a combination of their scale and the amplitude at that scale. Even though the analyzed data cannot reliably confirm our specific model, introducing an amplitudedependent mechanism provides a statistically significant correlation between the observed break and the theoretical parameter that is thought to control it. Therefore, we conclude that the dissipation of the quasi-two-dimensional turbulence is an essentially nonlinear process.
So far, we have considered the dissipation of the quasi-twodimensional component. It is the fraction of this component of the turbulence that decreases as the cascade proceeds from the inertial to the dissipation range, while the fraction of the slab (parallel-propagating) component increases (e.g., Leamon et al. 1998b; Hamilton et al. 2007 ). This suggests that the transition to the dissipation range is determined by the quasi-two-dimensional component. However, the contribution of the slab component to the spectral steepening cannot be ruled out. In this case, the damping is most likely to occur via direct linear cyclotron damping. The corresponding dissipation wavenumber was derived by Gary & Borovsky (2004) . Using their formula (3b), we plot Y ¼ ! b /V sw as a function of X ¼ 0:1 p /V Tp in Figure 7 , with c ¼ 0:26: The fitting parameters are presented in Table 1 . The agreement of the theory and observations is relatively good here, because the theoretical curve goes through the middle of the data set, rather than being at the edge as in the previous cases, but the statistical significance of this result is relatively low (R ¼ 0:44).
With the reservations made at the beginning of this section, we now discuss the effect of the angle between B 0 and V sw on the model predictions of the spectral break. For the quasi-twodimensional (slab) component, the wavenumber given by equation (4) would be the projection of the total wavevector directed across (along) B 0 onto the solar wind velocity. Our database tends to lack values of close to 0 . Therefore, the results for the quasitwo-dimensional component are not changed much by introducing sin into the expression for Y, except that the correlation becomes consistently lower (see Table 1 ). For the slab component, we can examine the effect of the Hall dispersion and the linear cyclotron damping on the spectral break. Figure 8 displays the total slab wavenumber Y ¼ ! b /V sw cos as a function of the inverse proton inertial length X ¼ p /V A . In Figure 9 , we plot the total slab wavenumber Y ¼ ! b /V sw cos as a function of the characteristic cyclotron dissipation wavenumber X ¼ 0:1 p /V Tp . The numerical parameters given by equations (1) and (4) are listed in Table 1 . As we can see, the agreement between the fit and the theoretical curve becomes very good in the former case. However, the statistical significance of this result is again low, because the correlation coefficient is small here (as well as in the latter case).
Finally, we discuss the influence of the solar wind speed on the spectral break. The effect of the speed was suggested by the study of Dasso et al. (2005) . They concluded that, at the lowfrequency end of the inertial range, the turbulence is dominated by the slab component in the fast wind and by the quasi-twodimensional component in the slow wind. This could result in a preferential contribution of different dissipation mechanisms to the spectral steepening, and provide the opportunity for a more accurate test of the theories. At the same time, Hamilton et al. (2007) argued that the fractions of the components do not depend on the solar wind speed at the high-frequency end of the inertial range. We repeated our analysis presented in Figures 4-7 for the slow (V sw < 400 km s
À1
) and fast (V sw > 500 km s
) solar wind separately. The numbers of data points were 179 and 87, respectively. As a result, the qualitative appearance of the plots remains the same, with somewhat greater uncertainties, so we do not present them. The corresponding fitting parameters are reported in Table 2 .
Comparison of the two limits shows that the correlation of ! b /V sw and p /V Tp is higher in the slow wind (see Table 2 ). If the linear damping at the Landau resonance were responsible for the dissipation of the turbulence, this would indicate the prevalence of the quasi-two-dimensional component. However, the correlation of ! b /V sw and 0:1 p /V Tp is also higher in the slow wind, which would suggest preferential linear damping of the slab component. By contrast, the correlation of ! b /V sw and p /V A is higher in the fast wind. However, the proton inertial scale may be associated with both the damping of the quasi-two-dimensional component and the dispersive effects of the slab component. In any case, the correlation of B b ! b /V sw and B 0 p /V A is always the highest, and it is almost independent of the solar wind speed. Therefore, our main conclusion derived using the full data set remains unchanged: the dissipation of the solar wind turbulence is an essentially nonlinear process.
CONCLUSIONS
The evolution of the solar wind turbulence at small scales is a complicated process. It most likely involves several types of fluctuations that are dissipated or cascaded in different ways. A number of theoretical models have been suggested to describe the turbulence at the high-frequency end of the spectrum. We have analyzed a large database of magnetic field spectra and plasma parameters at 1 AU measured by the ACE spacecraft. The data were used to check whether the predictions of the theories are consistent with observations. We focused on one specific characteristic of the turbulence spectrum, the point at which the spectrum has a break where the spectral slope becomes considerably steeper than the Kolmogorov law observed on average in the inertial range. Theories usually deal with a quantity that combines the fluctuation frequency, the plasma properties, and perhaps the power spectral density. As the cascade proceeds to smaller scales, this quantity reaches a certain threshold value, and that point determines the position of the spectral break. We have examined the statistical correlation of the data points calculated according to various theoretical formulae for the threshold and compared the least-squares fits to the data with the theoretical scalings.
As a result, none of the observational fits show statistically reliable agreement with the theoretical curves. This may be partially due to the fact that the behavior of the solar wind turbulence is controlled by more than one process. Therefore, we can only conclude what mechanism of dissipation is more likely to contribute to the spectral break based on the correlation coefficient of the data points. The highest correlation is achieved assuming that the break is not determined by a threshold scale of the fluctuations alone, as is usually thought, but rather by a combination of a scale and the amplitude at this scale. This suggests that the dissipation of the solar wind turbulence is an essentially nonlinear process. In addition, some contribution to the spectral steepening could come from the linear cyclotron damping and from the wave dispersion associated with the Hall effect. However, the statistical probability in these cases is lower. Finally, the linear damping at the Landau resonance appears to be the least probable mechanism of dissipation.
